Dust Cave (1Lu496) is a habitation site in a karstic vestibule in the middle Tennessee River Valley of Northern Alabama. The cave, periodically occupied over 7,000 years, contains well-preserved bone and botanical materials and exhibits microstratigraphy and intact occupation surfaces. The chronostratigraphic framework for Dust Cave is based on 43 14C dates, temporally diagnostic artifacts, and detailed geoarchaeological analysis. In a broad sense, five cultural components are defined and designated: Quad/Beaver Lake/Dalton (10,650-9200 cal B.C.), Early Side-Notched (10,000-9000 cal B.C.), Kirk Stemmed (8200-5800 cal B.C.), Eva/Morrow Mountain (6400 to 4000 cal B.C.), and Benton (4500-3600 cal B.C.). Microstratigraphic and artifact analyses indicate that the primary differences in the deposits over time relate to intensity of activity and spatial organization with regard to changing conditions in the cave, not to the types of activities. Geomorphic transformations influenced the timing of occupation at Dust Cave, especially the initial occupation. The chronostratigraphy provides a framework for assessing the stratigraphic separation of Dalton and Early Side-Notched materials, the shift in technology from blades to bifacial tools, and the context of detailed flora and fauna evidence. These remains provide unique insights into forager adaptations in the Midsouth from the end of the Pleistocene through the first half of the Holocene.
, and the middle Tennessee River has been considered a migration route and staging area for the colonization of eastern North America (Anderson 1996; Mason 1962) . In the Southeast, Dust Cave has one of the largest collections of radiocarbon dates in association with archaeological remains from the Pleistocene/Holocene boundary. In addition, the site provides an important dataset for several research topics including site formation, economic and subsistence studies, technological change, and settlement systems. The Dust Cave assemblage of well-preserved bone, charred plant material, and lithic artifacts offers a rare glimpse into foraging behavior in the Midsouth from its Paleoindian beginnings into the Middle Archaic.
In this paper we provide the chronological and geoarchaeological framework for additional studies. We begin by relating the history of the excavations, followed by a discussion of the site in its historical geologic context. We then provide a summary of the cultural chronology at the site in the context of the cave's depositional history with brief introductory overviews of the regional prehistory. Only the interpretations from the geoarchaeological analysis of the depositional history are incorporated here; the detailed descriptions and results are reported elsewhere (Sherwood 2001 
History and Methods of the Project
In recent times, the restrictive nature of this small, low-ceiling grotto concealed the fact that it contained a well-preserved and deeply stratified archaeological sequence. As a result, the site was virtually untouched by looters. The cave has a southern exposure, a relatively large entrance chamber (initially about 100 sq m of floor space and a ceiling over 5 m high), and approximately 30 m of additional accessible passageways (Figure 2 ). Dust Cave was initially investigated, mapped, and named by amateur speleologists (Cobb 1987 Figure 2) . Three summer seasons (1992 through 1994) were devoted to the excavation of a 2-m-wide by 12-m-long trench, from the exterior talus deposits toward the back wall of the entrance chamber (Figure 2) . The trench was dug in order to investigate stratigraphic relationships and to provide access beyond the restrictive entrance for additional excavation. The completion of the test trench revealed the extent of the deposits and provided a full vertical exposure that in 1992 was divided into major stratigraphic zones based on general lithostratigraphic similarity, major stratigraphic breaks (unconformable boundaries), and the chronosequence suggested by diagnostic artifacts and preliminary radiocarbon dates . Following the initial excavation of the test trench, additional summer seasons (1996 through 2002) were devoted to the excavation of the entrance chamber in order to refine the chronology and analyze the material remains in relation to the complex stratigraphic record in the cave. The cave is currently gated against looters, and a final summer season is planned to conclude the excavation and stabilize the remaining entrance chamber and passageway deposits.
After the testing phase, the excavation strategy involved I-x-1-m units, excavated in 5-cm levels within stratigraphic units termed "zones." All the sediments were water screened through 6-mm mesh except those sampled for flotation or desig Most of the stratigraphic evidence outside the cave has been removed through erosion by the Tennessee River and through soil formation (with few artifacts recovered). Weathered deposits within the talus change abruptly at the dripline to complex, well-preserved strata in the entrance chamber. Figure 3 presents a section through the talus and entrance chamber, illustrating the complex stratigraphy discernible in the cave. Ephemeral archaeological deposits are present in adjacent areas of two passageways extending farther into the cave, but these are at least partially deflated palimpsests, and not firmly correlated with entrance chamber deposits.
A table containing the chronological data from the 14C and two summary figures are provided to illustrate the chronological data. Table 1 lists the calibrated intercepts and 20 calibrated calendar age ranges (Ramsey 2000) for each radiocarbon assay. Driskell (1994, 1996) previously published the majority of these dates in an uncalibrated format. Dates are discussed in the text as cal B.C., and summarized using the younger and older median of the 20 calibrated age range for that component. (Futato 1982 (Futato , 1996 , the majority have been recovered from eroded deposits, resulting in a lack of stratigraphic context and radiometric dates. As a consequence, dating of the sequence of Paleoindian projectile point types in the region is primarily inferential. Building on a temporal sequence for the Paleoindian period in the southeastern U.S. that is divided into Early, Mid- (Figure 3) . Shortly before 10,000 cal B.C., there was a resurgence of the phreatic aquifer in the cave, and the joint-controlled drainage channels became active again, resulting in the erosion of fine-grained sediment and the accumulation of a lag of weathered limestone gravel adjacent to these channels in the rear of the entrance chamber. Post-depositional water movement resulted in partial decalcification of the sediments, producing subsidence of these deposits. This was quickly followed by the influx of well-sorted silt related to periodic slope wash, and possible eolian and slack water sediment accumulations in the cave (Sherwood 2001).
Zone T deposits, overlying the basal zones discussed above, probably developed over a period of -700 calendar years from 10,000 to 9300 cal B.C. The deposits are directly related to periodic flood activity of the Tennessee River, which resulted in both the influx of alluvial sediments and some localized erosion; burrowing is also evident. However, both the fluvial influx of sediments and the bioturbation must have been highly localized, because the first discrete intact cultural deposits (represented by clay prepared surfaces2, small pits, and burned surfaces) are within Zone T. As diagnostic Early Archaic artifacts begin to dominate the artifact assemblage with the transition to Zone R, the activity in the cave increases with the expansion of anthropogenic deposits throughout the entrance chamber. During the preliminary phases of the Dust Cave excavation, Driskell (1994, 1996) noted the presence of Early Side-Notched bifaces associated with pre-10,000 B.P. dates. This association was observed during the initial testing of the cave in the lower levels of Test Unit A and the northernmost portion of the Test Trench (Figure 2) . Subsequent detailed geoarchaeological analyses have provided a more comprehensive understanding of the depositional environment of the cave and how these unexpected early dates were associated with Early Archaic material. Assessment of stratigraphic profiles indicates that these 14C samples were collected from an isolated area of Zone T (14C dates were initially published by level or by depth in Driskell 1994: Table 1; (Figure 8) . One heavily resharpened Dalton was recovered from these deposits as well. Except for this specimen, it is interesting to note that other types typically associated with Big Sandy, such as Greenbrier ( Although Zone R contains a rich assemblage associated with the Early Side-Notched component, its upper boundary is truncated. A stratigraphic disconformity is interpreted between Zone R and the overlying Kirk Stemmed component and appears to have erased a time range of at least 8800 to 8000 cal B.C. (Figure 4 ). This disconformity continues from the entrance chamber into the stratigraphy of the talus (Figure 3) (Sherwood 2001) . Erosion rather than non-deposition is supported by the sudden change in the character of the sediments, the sharp boundary, and the near absence of the Early Archaic Kirk Corner-Notched point type, which is otherwise common in the region (Futato 1996 (1994) , is associated almost exclusively with Zone P (Figure 3) . The majority of projectile points conform to the serrated variety of the Kirk Stemmed type, although the serrated and unserrated varieties appear to be coeval in the Dust Cave sequence. Two Kanawha bifurcated-base projectile points (Broyles 1966) were also recovered, placing Dust Cave at the southern extent of this bifurcate distribution (Figure 8) . Stone artifacts also include stage bifaces, expedient tools, and pitted cobbles called "nutting stones" (assumed to function in the processing of mast). The number of unifaces declines from this point forward. Bone tools include awls of various types, bone needles, antler tines, and fishhooks (Goldman-Finn and Walker 1994) .
Early
Five radiocarbon dates derived from Zone P indicate a time range of over 2,000 calendar years, from 8200 to 5800 cal B.C., with the greatest overlap among intercepts at -5800 cal B.C. This broad range of dates is probably a product of the disconformity at the Early Side-Notched/Kirk Stemmed boundary. In addition, this is regionally a late date for Kirk Stemmed. The lack of Tennessee River alluvium among the Zone P sediments suggests that the floodplain had stabilized by this time. The deposits associated with the early Middle Archaic Kirk Stemmed component are concentrated from the center of the entrance chamber to the back wall. Human activity is represented in complex localized intercalated deposits, including stacked prepared surfaces, small pits, and large-scale sediment accumulations generated from burning (charcoal, ash, burned aggregates and burned microartifacts) (Figure 3) . The periphery of the entrance chamber (at least that portion that has been investigated along the western margin) was used as a dumping area for a prodigious amount of fireplace rake-out (Sherwood 2001) .
Eva/Morrow Mountain Component. Immediately following this period of intensive burning in the entrance chamber, the sedimentation rate decreased and the function of the cave appears to have shifted for a time from habitation to a place for human burial. While burials are found in other components in Dust Cave, the majority appears to intrude into Zone P (originating at the Zone N/P contact) with a tentative Eva/Morrow Mountain association. Following this period of human burial in the cave, the deposition of Zone N suggests a time of restricted human activity, concentrated in the front of the cave, at around 5720 cal B.C. (Figure 3) . With limited human habitation, the majority of the Zone N sediment appears to be the result of slope wash events combined with colluvium and autochthonous sediments (Sherwood 2001) .
The upper boundary of Zone N is abrupt and may be an erosional contact associated with intentional lowering of the cave floor (Sherwood 2001) (Figure 3 ). Physical alteration of cave and rockshelter living surfaces is recorded ethnographically among hunters and gatherers, and includes the creation of hollow areas for hearths and domestic space or separate sleeping depressions (Galanidou 2000). We cannot speculate at this point on the purpose of such alterations in Dust Cave. However, based on the limited ceiling height with the potential need to increase the vertical height, localized excavation by the inhabitants is a plausible explanation.
Immediately above Zone N, Zones K, J, and E represent the return of intensive occupation concentrated in the front of the entrance chamber (Figure 3) . Based on 13 radiocarbon dates (Table 1) Creek, and Morrow Mountain projectile points have also been recovered from this component (Figure 8) . Typically, these types are associated with earlier dates in the region, although locally there is some evidence for their co-occurrence (Meeks 1998) . Other stone implements include a variety of stage reduction bifaces and groundstone pestles. Bone tools include awls, antler tines, needles, fishhooks, and bone projectile points (Goldman-Finn and Walker 1994) . During the formation of Zone D the cave living space was significantly reduced vertically and horizontally by sediment infilling. The primary geogenic sediment source was colluvium, contributing to both the interior sediments and the talus deposits. Limited human activity continued to be concentrated even closer to the mouth of the cave, shifting to the east. It is not clear why this lateral shift occurred. Perhaps there is a change in the floor or ceiling elevation to the east of the current excavation.4
The upper zones, beginning with Zone D, become increasingly decalcified. Decreasing human activity resulted in the reduced production of calcareous ash to buffer the sediments. Buffering conditions were also produced through periodic carbonate-enriched water moving through the cave sediments, either through vadose activity (fluctuations in groundwater) or as drip when the interior microenvironment was more moist. Whatever the processes, as the cave filled with sediment and became increasingly drier, the sediments became decalcified, resulting in decreasing preservation of bone artifacts.
The subzones composing Zone A were deposited after people abandoned Dust Cave ca. 3600 cal B.C. (Figure 3) . This zone contains a few random artifacts and represents a dry, relatively static phase in the cave's depositional history. Colluvium makes up the majority of Zone A, with some degree of bioturbation responsible for reworking of sediments in some areas of the cave. The northeastern portion of the entrance chamber is now completely infilled. Together, these processes protected the archaeological deposits until recent investigations.
Discussion and Conclusions
This paper presents a summary of the chronostratigraphy at Dust Cave using the comprehensive radiocarbon sequence from the entrance chamber, the diagnostic hafted bifaces, and the results from the geoarchaeological analysis. In a broad sense, five cultural components are defined based on stratigraphy and diagnostic artifacts, and designated as Quad/Beaver Lake/Dalton (10,650 to 9200 cal B.C.), Early Side-Notched (10,000 to 9000 cal B.C.), Kirk Stemmed (8200 to 5800 cal B.C.), Eva/Morrow Mountain (6400 to 4000 cal B.C.), and Benton (4500 to 3600 cal B.C.). Based on the analyses performed thus far, patterns are emerging relating to regional and local site formation processes, and economic, technological and settlement shifts.
The timing of cave and rockshelter use in the southeastern U.S. has previously been related to an increase in population density and a reorganization of hunter-gatherer seasonal rounds, while underemphasizing or discounting the potential of the active geologic environment to destroy or affect occupation (Walthall 1998) . Although social and economic factors certainly may have played a role in the timing of the occupation of Dust Cave, the geoarchaeological research at the cave confirms that the geomorphic history in the middle Tennessee River Valley directly affected both the organization of people on the landscape and the potential for geologic processes to erase traces of early human occupation. Geomorphic transformations directly influenced the timing of the occupation of Dust Cave and played a significant role in the cave's depositional history. These considerations are directly relevant to the development of settlement models in the Midsouth.
Although geogenic, biogenic, and some pedogenic processes contributed to the Dust Cave deposits, anthropogenic processes generated or modified the majority of the sediments (Goldberg and Sherwood 1994; Sherwood 2001) . Similarities in the types of these anthropogenic sediments throughout the sequence, which are ultimately a reflection of the activities that generated them (Courty et al. 1989 
